apoptosis, suggesting a coupling of cell growth and cell death (1, 2) .
Ras proteins are key signal transducers that regulate the proliferation and differentiation of eukaryotic cells: after extracellular factor stimulation, p21
ras initiates a signal transduction cascade that results in sequential activation of the Raf proto-oncogen product and the MEK 1 and MAP kinase (MAPK) serine/theonine kinases. p21
ras is involved in IGF-I-induced proliferation of primary fetal brown adipocytes as well as in the insulin-induced differentiation of these cells (3, 4) . Furthermore, Ha-ras lys12 -transformed brown adipocyte cell lines are constitutively differentiated cells that develop insulin resistance and overexpress Ras/Raf-1-signaling cascade (5, 6) . Although Ras activation is associated primarily with proliferation and differentiation, it has also been implicated in apoptosis. In this regard, constitutive expression of activated Ha-ras in Jurkat cells (a human T lymphoblastoid cell line) renders cells susceptible to apoptosis in the absence of protein kinase C activity (7, 8) . Serum withdrawal of Ki-ras-transformed thyroid cells induces apoptotic cell death (9) , and overexpression of rho-p21, a GTPase protein of the Ras superfamily, causes apoptosis in NIH3T3 cells after serum deprivation (10) . Furthermore, cells overexpressing Crk-II, an adapter protein that regulates Ras activation, undergo apoptosis when deprived of serum via a Ras-dependent, Raf-1/MEK1/extracellular signal-regulated kinase-independent pathway (11) . However, other authors found that Ras is an effective promoter of apoptosis throughout the Raf pathway (12) . Thus, we decided to evaluate apoptosis in Ha-ras-transformed brown adipocytes under serum deprivation as well as the involvement in this process of the Ras/Raf/MAPK-signaling cascade using dominant-negative mutants or chemical inhibitors of this pathway.
The molecular mechanisms that regulate apoptosis are not yet completely understood. Several genes have been identified that participate as either repressors or inducers of apoptosis. The blocker of cell death, bcl-2, is included in the first group. In mammalian species, bcl-2 gene encodes a 26-kDa protein that predominantly resides in the outer mitochondrial membrane and nuclear envelope. Recently, Bcl-2 has been reported to physically associate with Raf-1, p21
Ras , and p23 Ra-Ras (13, 14) . Furthermore, p21
Ras and Raf-1 association with Bcl-2 is coincident with the phosphorylation status of Bcl-2. Phosphorylation of Bcl-2 involved the loss of its anti-apoptotic function, affected its capacity to heterodimerize with Bax (14 -16 ). Another member of the Bcl-2 family is Bcl-x, which has two alternatively spliced forms, the anti-apoptotic Bcl-xL and the apoptotic Bcl-xS (17) . Inhibition of apoptosis by survival factors in PC12 cells is associated with increased expression of Bcl-xL gene product (18) . Whether Bcl-2 and/or Bcl-x expression can be controlling apoptosis in Ha-ras-transformed brown adipocytes remains to be established.
In this manuscript we have investigated the apoptotic process in Ha-ras-transformed brown adipocyte cell line under serum deprivation, which concurs with up-regulation of Bcl-xS expression and down-regulation of Bcl-2 protein content. A ternary complex between Ras/Raf-1 and phosphorylated Bcl-2 was found under apoptotic conditions. Inhibition of Raf-1 pathway, but not MAPK pathway, precludes apoptosis in brown adipocytes.
EXPERIMENTAL PROCEDURES
Materials-Fetal calf serum (FCS), phosphate-buffered saline, and cell culture media were obtained from Imperial Laboratories (Hampshire, UK). The anti-Bcl-xS/L (S-18) polyclonal antibody and the antiBcl-2 (⌬C 21) polyclonal antibody were purchased by Santa Cruz Biotechnology (Santa Cruz, CA). The anti-phospho-MAPK antibody was from New England Biolabs (Beverly, MA). For immunoprecipitations, the anti-Ras monoclonal antibody (Y13-259) was from Oncogene Science (Uniondale, NY), and the anti-Raf-1 antiserum was the generous gift of Dr. Gutkind (NIH, Bethesda, MD). Nylon membranes were GeneScreen TM (NEN Life Science Products). Autoradiographic films were Kodak X-Omat AR (Eastman Kodak Co.). The transfection MBS mammalian transfection kit was from Stratagene (La Jolla, CA). The plasmid constructs used for transfection experiments were the active ras DNA (pMEXneoHaras lys12 ) and the empty vector pMEXneo, both kindly provided by E. Santos (NIH, Bethesda, MD), and the dominantnegative raf-1 DNA (⌬raf)(pMNC-raf trp375 ), kindly provided by Dr. Moscat (Centro de Biologia Molecular, Madrid, Spain). Immobilized alkaline phosphatase was prepared by reacting 2 ml of Affi-Gel 10 from Bio-Rad with 5000 units of alkaline phosphatase from Sigma. All other reagents used were of the purest grade available.
Cell Culture-Brown adipocyte primary cells were obtained from interscapular brown adipose tissue of 20-day-old Wistar rat fetuses and isolated by collagenase dispersion as described previously (5) . Cells were plated at 3.5 ϫ 10 6 cells/100-mm tissue culture plates and propagated in 10 ml of minimal essential medium, 10% FCS with antibiotics. Ha-ras-transformed brown adipocyte cell line (clone MB 1.3.19) and SV40 large T antigen-immortalized brown adipocyte cell line (clone MB 4.9.2) were obtained as described previously (19) . Cells were plated at 1 ϫ 10 6 cells/100-mm tissue culture plates and propagated in 10 ml of Dulbecco's modified Eagle's medium, 10% FCS with antibiotics (5). After splitting (1/3) and overnight culture under the conditions described above, cells were washed twice with phosphate-buffered saline and kept in serum medium or serum-deprived for 4, 6, or 12 h. In some experiments the MEK inhibitor PD098059 (30 M) was added 6 h before harvesting the cells to the serum-free medium (20, 21) .
Transfection Conditions-Ha-ras-transformed and immortalized brown adipocytes were cultured for 24 h in the presence of 10% FCS and then transiently transfected according to the calcium phosphate-mediated protocol with the plasmid constructs indicated in each case. Fifteen g of DNA were added to each dish, and after 4 h of incubation, cells were shocked with 3 ml of 15% glycerol for 2 min, washed, and then fed with serum-free medium. After 18 h of culture under these conditions, cells were serum-deprived for 6 h and harvested. Transfections were performed in duplicate from four independent experiments.
Analysis of Cellular DNA Content by Flow Cytometry-Cells spontaneously detaching from the monolayer were collected by centrifugation and combined with cells from the same dish detached from the monolayer by the addition of trypsin-EDTA. Aliquots of 2 ϫ 10 5 cells were used for each determination. The ploidy determination of cellular DNA was estimated by flow cytometry DNA analysis in a FACScan flow cytometer (Becton Dickinson, San Jose, CA) using the kinesis-cycle test DNA reagent from Bio-Rad to stain DNA with propidium iodide. This analysis was performed using a double discriminator module and the multicycle software (Phoenix Systems, Phoenix, AR). Annexin-V binding sites, representing a reliable marker of phosphatidylserine exposure, was performed after incubation of cells with fluorescein isothiocyanate-labeled recombinant human annexin-V purchased by Boehringer Ingelheim (Heidelberg, Germany).
Analysis of Extranuclear DNA Fragmentation-Cells were washed twice with phosphate-buffered saline, scraped, and pelleted at 4°C. To isolate extranuclear DNA, we used the method of Lyons et al. (22) , modified as described previously (23) . DNA was dissolved in Tris-EDTA buffer containing 30% glycerol, 1 g/ml ethidium bromide and electrophoresed in a 1.5% agarose gel. The gel was visualized and photographed under transmitted UV light with a Polaroid camera.
Alkaline Phosphatase Treatment and Immunoprecipitations-At the end of the culture time, cells were lysed at 4°C in 1 ml of a solution containing 10 mM Tris/HCl, 5 mM EDTA, 50 mM NaCl, 30 mM sodium pyrophosphate, 50 mM NaF, 100 M Na 3 VO 4 , 1% Triton X-100, and 1 mM phenylmethylsulfonyl fluoride, pH 7.6 (lysis buffer). Lysates were clarified by centrifugation at 15,000 ϫ g for 10 min, and the supernatants were transferred to a fresh tube. After protein content determination, equal amounts of protein (1 mg) were immunoprecipitated at 4°C with monoclonal antibodies anti-Ras (Y13-259) and with polyclonal antibodies against Raf-1. In some experiments, proteins were incubated for 1 h at 4°C with 500 units of immobilized alkaline phosphatase to remove phosphate before immunoprecipitation with antiRas antibody, and the immune complexes were collected. Immunoprecipitates were washed three times with lysis buffer and extracted for 10 min at 95°C in 2 times SDS-PAGE sample buffer (200 mM Tris/HCl, 6% SDS, 2 mM EDTA, 4% 2-mercaptoethanol, 10% glycerol, pH 6.8) and analyzed by SDS-PAGE as described under "Results" and in the figure legends.
Western Blotting-After SDS-PAGE, proteins were transferred to Immobilon membranes, blocked using 5% nonfat dried milk in 10 mM Tris-HCl and 150 mM NaCl, pH 7.5, and incubated overnight with anti-phospho-MAPK antibody (1:1000) or anti-Bcl-2 antibody (1:1000), anti-Bcl-x antibody (1:1000) or with anti-p21
Ras antibody (1:1000), or anti-Raf-1 antibody (1:1000) in 0.05% Tween 20, 1% nonfat dried milk in the buffer indicated above (23) . Immunoreactive bands were visualized using the enhanced chemiluminiscence (ECL-Plus) Western blotting protocol (Amersham Pharmacia Biotech). Protein determination was performed by the Bradford dye method (24), using the Bio-Rad reagent and BSA as the standard.
Morphological Analysis of Nuclei-Cells were fixed at Ϫ20°C with methanol and stained for 3 min with 5 g/ml 4,6-diamidin-2-phenylindol (DAPI; from Sigma) in 0.1% BSA in phosphate-buffered saline. Stained nuclei were observed under a fluorescence microscope at 400 nm (Nikon, Japan).
RESULTS

Ha-ras-transformed Brown Adipocytes Undergo Apoptosis under Serum Deprivation to a Higher Extent than Immortalized or Primary Brown
Adipocytes-Ha-ras-transformed brown adipocytes (clone MB 1.3.19), immortalized brown adipocytes (clone MB 4.9.2), and primary fetal brown adipocytes cultured in 10% FCS were serum-deprived for up to 12 h. Macroscopically, serum deprivation resulted in a greater number of cells detaching from the monolayer in clone MB 1.3.19 than in clone MB 4.9.2. No detached cells were observed in primary cells. Total cells from the dishes (either from the monolayer or from the supernatant) were collected and submitted to FACscan analysis of cellular DNA after staining with propidium iodide, and the percentage of hypodiploid cells (DNA content lower than 2C) was determined (Fig. 1A) . Either Ha-ras-transformed or immortalized or primary brown adipocytes growing in 10% FCS showed very few hypodiploid cells (Ͻ3%). However, a dramatic increase in the proportion of hypodiploid cells was produced in Ha-ras-transformed cells after serum deprivation, this effect being much higher than in immortalized cells either at 4, 6, or 12 h of serum deprivation. Serum deprivation did not increase the proportion of hypodiploid cells in primary fetal brown adipocytes (Fig. 1A) . Because hypodiploid DNA peaks are commonly found in apoptosis (25), we wanted to confirm those results by the biochemical analysis of the extranuclear DNA laddering. In the representative experiment shown in Fig. 1B , extranuclear DNA from Ha-ras-transformed, immortalized, and primary brown adipocytes either under growing conditions or after 6 h of serum deprivation was analyzed. DNA from Ha-ras-transformed cells after serum deprivation appeared cleaved into a "ladder" to a higher extent than in immortalized cells, no DNA laddering being observed in 6-h serum-deprived primary cells. Further confirmation of apoptosis was the morphological changes of nuclei detected in 12-h serum-deprived cells, as shown in Fig. 1C . A higher proportion of apoptotic nuclei (including condensed chromatin and fragmented nuclei) were observed in clone MB 1. ) or with pMEXneo empty vector. After transfection, cells were cultured for 18 h in 10% FCS medium and then for 6 h in a serum-free medium, then cells were harvested for determination of DNA laddering and cell cycle analysis in the FACscan (Fig. 2) . Transfection with Ha-ras lys12 construct doubled the percentage of hypodiploid cells (A1) found in cells transfected with carrier DNA (Fig. 2A) as well as increased the DNA laddering (Fig. 2B) , reproducing the higher apoptotic index found in constitutively expressing active ras cell line. No changes were observed on the distribution of phases of the cell cycle between cells transfected with the vector or with the active Ha-ras gene.
Inhibition of Raf-1 Activity, but Not MAP Kinase, Rescues Serum-deprived Ha-ras-transformed Brown Adipocytes from Apoptosis-The Ras/Raf/MEK/MAPK pathway mediates many of the known effects of growth factors on cell growth, although permanent overexpression of this pathway could deregulate growth and lead to apoptosis. We have previously demonstrated that transformed brown adipocytes overexpressed p21
Ras protein in its GTP active form in the absence of growth stimulus (5) and that Raf-1 kinase activity was also constitutively very high (6). So we decided to transfect transiently Ha-ras-transformed brown adipocytes (clone MB 1.3.19) with dominant-negative construct of raf-1 vector (pMNC-raf trp375 ) or with pMEXneo empty vector as described previously (5) and analyze the rate of apoptosis after 6 h of serum deprivation by either determination of hypodiploid cells or DNA laddering as described above (Fig. 3) . Dominant-negative raf (⌬-raf ) decreased by 70% the percentage of apoptotic cells (cells hypodiploid in the FACscan) as compared with serum-deprived cells transfected with the vector, without changes on the distribution of phases of the cell cycle (Fig. 3A) . Moreover, ⌬-raftransfected cells dramatically decreased DNA laddering compared with cells transfected with empty vector (Fig. 3B) . Apoptosis is associated with loss of membrane phospholipid asymmetry; inactivation of a critical "flippase" results in the increase of phosphatidylserine on the cell surface, a signal for recognition and ingestion of apoptotic cells by macrophages (26) . Accordingly, surface phosphatidylserine expression was assessed by binding of fluorescein isothiocyanate-labeled annexin-V and fluorescence in the FACscan, as also depicted in Fig. 3 , panel C. Cells undergoing apoptosis (after 6 h of serum deprivation) exhibited annexin-V binding in a percentage higher than 45%; meanwhile, ⌬-raf-transfected cells showed a 20% external display of phosphatidylserine. These results indicate that inhibition of raf prevents apoptosis before loss of phosphatidylserine asymmetry.
Next, we used PD098059, a specific inhibitor of the activation of MEK-1 by Raf-1 (20, 21) , to assess its role in the apoptotic signaling pathway induced by overexpression of Ras/ Raf. Cells were incubated for 6 h in a serum-free medium either in the absence or in the presence of 30 M PD098059 and were collected for determination of hypodiploid cells as well as DNA laddering (Fig. 4) . The presence of PD098059 increased the DNA laddering compared with 6-h serum-deprived brown adipocytes (Fig. 4A) and also increased the percent of hypodiploid cells observed in untreated cells (Fig. 4B ). Moreover, we tested the effect of PD098059 under growing conditions (10% FCS). The presence of MEK inhibitor for 6 h blunted the survival effect of FCS, producing DNA laddering and increasing the percent of hypodiploid cells compared with untreated cells (Fig.  4, A and B) . These results clearly indicated that inhibition at the level of Ras/Raf signaling prevented apoptosis in Ha-rastransformed brown adipocytes under serum deprivation, but blocking at the level of MAPK (either under serum or serum deprivation conditions) enhanced the number cells undergoing apoptosis. Because these results indicate that MAPK could rescue Ha-ras-transformed brown adipocytes from apoptosis, we decided to determine the p44/p42 MAPK phosphorylation by Western blot analysis with the anti-phospho-MAP kinase antibody, under the conditions described above. Ha-ras-transformed cells showed a high content of phosphorylated p44 and p42 MAPK isoforms. Serum deprivation lowered the content of phospho-MAPKs by 4-fold. These results indicate that MAPK activity under non-apoptotic conditions in Ras-transformed cells is essentially induced by Ras-independent pathways. Both MAPK activities, total and remnant, were inhibited by the presence of the MEK-1 inhibitor (Fig. 4C) .
H-ras-induced Apoptotic Cells Up-regulate Bcl-xS and Downregulate Bcl-2 Protein Content; Reversion by Dominant-Negative of raf-1-We have studied the expression of both Bcl-xL/ Bcl-xS and Bcl-2 proteins by Western blot in lysates from
Ha-ras-transformed brown adipocytes under the experimental conditions described above, as depicted in Fig. 5 . In panel A, two bands of approximately 29 and 21 kDa, molecular masses corresponding to Bcl-xL and Bcl-xS proteins, were detected under serum-growing conditions, although their expression was very low. Serum deprivation for 10 h dramatically increased the expression of the 21-kDa protein; meanwhile the expression of the anti-apoptotic form Bcl-xL remained unmodified (Fig. 5A) . Moreover, ⌬-raf-transfected cells completely inhibited the expression of Bcl-xS protein without modifying the expression of Bcl-xL (Fig. 5A) . The expression of Bcl-xS remained high under treatment with PD098059, a condition concurrent with a high apoptotic index, as shown above. Bcl-2 protein (approximately 26 kDa) showed a reciprocal pattern of expression than Bcl-xS, being up-regulated under nonapoptotic conditions and down-regulated under apoptotic conditions (Fig.  5B) . Transfections with ⌬-raf constructs increased Bcl-2 expression; meanwhile, PD treatment failed to induce the expression of Bcl-2 (apoptotic conditions).
H-ras-induced Apoptotic Cells Show a Strong Association among Ras, Raf, and Phosphorylated Bcl-2-Results
shown above clearly indicate Ras/Raf-1 pathway induces apoptosis throughout a MEK-1-independent pathway in serum-deprived Ha-ras-transformed brown adipocytes, so Ras/Raf signaling should be producing apoptosis by an alternative pathway upstream of MEK-1. We decided to explore the effect of both Ras/Raf proteins in associating and/or phosphorylating antiapoptotic proteins such as Bcl-2. To demonstrate the association of Ras/Raf-1/Bcl-2, co-immunoprecipitation experiments were performed in Fig. 6 . Nonapoptotic cells (cells growing in 10% FCS) or apoptotic cells (6-h serum-deprived) were lysed, and equal amounts of protein (1 mg) were immunoprecipitated with either anti-Ras or anti-Raf-1 antibodies. The immune complexes were analyzed by SDS-PAGE, followed by Western blotting with anti-Bcl-2 antibody (Fig. 6, A and B) . The level of Bcl-2 in the anti-Ras immunoprecipitates was much higher in apoptotic cells than that in nonapoptotic cells (Fig. 6A) . In the same fashion, the level of associated Bcl-2 in the anti-Raf-1 immunoprecipitates was higher in apoptotic cells than that in nonapoptotic cells (Fig. 6B, upper panel) . Finally, the level of Ras/Raf-1 association was enhanced in apoptotic cells as compared with nonapoptotic cells (Fig. 6B, lower panel) . A possible explanation for these results would be changes at the level of Ras and Raf expression under apoptotic or non-apoptotic conditions. To assess this, equal amounts of protein from apoptotic and non-apoptotic cells were submitted to direct Western blot analysis with the anti-Ras and anti-Raf antibodies. As depicted in Fig. 6C , Ras and Raf protein levels were similar in apoptotic and non-apoptotic cells.
Because it has been described that association of Ras with Bcl-2 is concurrent with phosphorylation of the Bcl-2 protein in Jurkat cells (14) , we decided to incubate the lysates from serum-deprived cells for 30 min with immobilized alkaline phosphatase before immunoprecipitation with anti-Ras antibody and Western blot analysis of Bcl-2. As shown in Fig. 6A , there was a dramatic decrease in the amount of associated Bcl-2 in the anti-Ras immunoprecipitate after alkaline phosphatase treatment of cells, indicating that there was a stronger association between p21
Ras and the serine-threonine-phosphorylated Bcl-2 form rather than with the dephosphorylated Bcl-2 form.
DISCUSSION
Embryonic development of brown adipose tissue requires a balance between processes of proliferation, necessary for organ growth, apoptosis, involved in the orderly removal of certain cells, and tissue-specific differentiation, which leads to the cellular phenotype. The products of the Ras genes are known to regulate cell proliferation and differentiation, and quite recently, it has been found to play a role in apoptosis, depending on the cell type. In this regard, p21
Ras is involved in IGF-Iinduced proliferation of brown adipocyte primary cultures as well as in IGF-I-induced differentiation of primary and immortalized brown adipocytes (27, (3) (4) (5) . Furthermore Ha-ras lys12 -transformed brown adipocyte cell lines overexpressing Ras/ Raf-1 signaling cascade are constitutively differentiated cells in the absence of IGF-I (5-6). Most cell types require growth factors for growth and survival in culture; serum withdrawal causes apoptosis in PC-12 cells, Rat-1 fibroblasts and C2C12 myoblasts (1, 28, 29) . Primary brown adipocytes seem to be resistant to cell death under serum deprivation in a similar fashion that human white adipocytes are refractory to apoptosis (30, 31) . However, Ha-ras-transformed brown adipocyte cell line undergo apoptosis under serum deprivation in a time-dependent manner, as detected by DNA laddering, increase in the percentage of hypodiploid cells, and nuclei condensation and fragmentation, as compared with either immortalized or primary brown adipocytes. Moreover, transient transfection of immortalized brown adipocytes with a constitutive active Ras gene (Ha-ras lys12 ) and serum deprivation mimic the high rate of apoptosis detected in the transformed cell line, maintaining a high proportion of proliferating cells. Although the evidence of the role of Ras in apoptosis is contradictory, constitutive expression of oncogenic p21
Ras causes apoptosis in several cell types including Jurkat cells (7, 8) , thyroid cells (9), or murine fibroblasts (17, 32) . In this work, we described for the first time that active Ras causes apoptosis in serum-deprived brown adipocytes, a cell system constitutively refractory to apoptosis when survival signals are not prevalent.
On the other hand, because active Ras is inducing apoptosis in brown adipocytes under serum deprivation, we decided to inhibit Ras/Raf-1/MEK1/MAPK pathway to rescue from apoptotic cell death. In fact, transient transfection of Ha-ras-transformed cells with a dominant-negative raf-1 DNA (pMNC-raf trp375 ), a kinase death mutant that block transformation by Ras oncogenes (33) , dramatically decreases the apoptotic status of the cells, maintaining a high proportion of proliferating cells. However, treatment with MEK-1 inhibitor increases the rate of apoptosis observed in Ras apoptotic cells. Moreover, inhibition of MEK-1 causes apoptosis in Ha-ras-transformed cells under nonapoptotic conditions. Although the MEK-1 pathway is constitutively expressed in Ras apoptotic cells after 6 h of serum deprivation, MEK-1 activity is much lower compared with Ha-ras-transformed nonapoptotic cells. These results point out that Ras induces apoptosis in brown adipocytes in the presence of a remnant MAPK activity. Thus, active Ras may have either positive or negative effects on the regulation of apoptosis depending on the cell type and on the balance of the apoptotic-anti-apoptotic signaling. One pathway downstream of Ras stimulates Raf-1, an apoptotic signal for lymphocytes or fibroblasts. Alternatively, other signaling pathways downstream of Ras stimulate phosphatidylinositol 3-kinase/Akt, survival signals for epithelial and myeloid cells, as recently revised by Downward (34) . In serumdeprived Ha-ras-transformed brown adipocytes, active Ras constitutively activates Raf-1 and in a lower extent, MAPKs, but fails to stimulate phosphatidylinositol 3-kinase (5, 6, 35) . In the balance, Ras signaling induces apoptosis in brown adipocytes in the absence of survival factors.
In an attempt to understand the molecular mechanisms that regulate apoptosis induced by Ras, we have studied the expression of Bcl-2 and Bcl-xS/L. Bcl-xS protein is the small splice variant of the Bcl-x protein, which is found in cells that undergo a high rate of turnover, and inhibits the protective effects on apoptosis of Bcl-xL and Bcl-2 (17) . Our results show that under non-apoptotic conditions the expression of the anti-apoptotic protein Bcl-2 is predominant over the pro-apoptotic BclxS, Bcl-xL being barely expressed in our cell model. However, in ras-induced apoptotic cells, Bcl-xS protein is highly expressed, Bcl-2 protein level being dramatically decreased. Furthermore, the anti-apoptotic Bcl-2 protein is highly associated to Ras and Raf-1 in Ras-induced apoptotic cells, as demonstrated by the co-immunoprecipitation experiments. Moreover, treatment with alkaline phosphatase decreased the Ras-associated Bcl-2 protein level, strongly suggesting that Ras/Raf-1 can form complexes with serine-threonine-phosphorylated Bcl-2 protein. Phosphorylation of Bcl-2 involves the loss of its anti-apoptotic function because phosphorylated Bcl-2 has lost its capacity to heterodimerize with Bax (16) . In agreement with our results, Bcl-2 has been reported to physically associate with Raf-1 or p21
Ras or p23 Ra-Ras (13, 14) , this association being related to the phosphorylation status of Bcl-2 (14, 15) .
In conclusion, active Ras induces apoptosis in the absence of survival factors in brown adipocytes in a Raf-1-dependent and MAP kinase-independent manner. Apoptosis induced by active Ras is concurrent with a dramatic increase in Bcl-xS and a decrease in the Bcl-2 protein level. Moreover, phosphorylated Bcl-2 protein is strongly associated with Ras and Raf-1 in Ras-apoptotic cells.
